Learning objectives
To review the radiological features of the different pathologies which may involve the distal phalanx of the hand.
Background
Bone tumours of the hand are infrequent and those involving the distal phalanx are rare. Primary bone tumours are uncommon when compared to tumours derived from the soft tissues of the hand.
Lesions of the distal phalanx may arise secondary to benign or malignant pathologies and may reflect primary or secondary tumours. The most common benign lesion is enchondroma whilst the most frequent malignant lesion is chondrosarcoma. Inflammatory, metabolic, autoimmune and traumatic pathologies may also present with wide spectrum of radiological changes involving the distal phalanx.
Imaging findings OR Procedure Details Introduction:
The lesions involving short tubular bones of the hand parallel those in long bones. The radiographic findings and periosteal response are similar. Due to the size of the tubular bones of the hands however the distinction between epiphyseal, metaphyseal and diaphyseal is not precise and much overlap is seen [1] .
Based on the cases encountered in a tertiary referral orthopaedic centre we aim to provide an overview of lesions involving the distal phalanx. We classified these cases into different aetiologies including neoplastic and non neoplastic.
Development:
Each hand has a total of fourteen phalanges. Each finger has three phalanges: proximal, intermediate and distal. The thumb is unique in that it lacks an intermediate phalanx.
The distal phalanges are distinct because they have only one articular surface on their proximal end while their distal end terminates as a terminal tuft [2] (Figure 1 ).
The phalanges have two ossification centres:
· A primary ossification centre · An epiphyseal centre The latter appears in the second year and fuses with the shaft around the 15 th -16 th year [1] . The distal phalanx epiphysis ossifies slightly later than the middle and proximal phalanges [3] . 
Marrow distribution:
Conversion to fatty marrow starts in the distal phalanges and progresses proximally. Marrow conversion is complete in the feet and hands by one year.
Neoplastic lesions:
Primary bone tumours:
Soft tissue tumours are more common than bone tumours in the hand [4, 5, 6] . Most of the bone tumours in the hand are benign.
Enchondroma
Enchondromas are the most common primary bone tumour of the hand accounting for 62% to 85% of bone tumours in the hands [1] .
Enchondromas rarely involve the distal phalanx and favour the diaphysis [7] .
The medullary cavity in the distal phalanx is small. Consequently, an enchondroma in the distal phalanx has a different clinical presentation to that presenting elsewhere [8] .
Pain associated with the lesion should raise suspicions of a pathological fracture [9] . Multiple enchondromas may be seen in Ollier disease or Mafucci syndrome with an incidence of malignant transformation of 30% in Ollier disease [11] . In Mafucci syndrome the development of chondrosarcoma is almost a certainty [7] .
Glomus tumour (Figure 3,4 
,5)
Rare, painful soft tissue lesion, usually localised to soft tissues but may involve bone in up to 60% of cases. When bone is involved, the distal phalanx is almost always involved [1] .
Radiographically this appears as an eccentric, osteolytic defect caused by external pressure erosion by the soft tissue mass. Intra-osseous glomus tumours however can also occur and appear as a well defined lytic lesion which may be confused with an enchondroma [1] . It is distinguished from an osteochondroma by its overlying fibrocartilaginous cap [12] . No cases of malignant change have been reported in the literature [3] .
Epidermal inclusion cyst
Present exclusively in the distal phalanges of the fingers and may occur 1 to 35 years after trauma.
Clinical presentation:
Radiographically a lytic, well circumscribed lesion is seen surrounded by a thin rim of cortex. It is usually central, however, it may be eccentric [13] . The main differential diagnosis is an enchondroma [3] .
Ewing's sarcoma ( Figure 7 )
Ewing sarcoma of the hand represents 1% of all Ewing sarcoma cases and only 28 cases in the phalanges have been published [14, 15] .
Location is typically the meta-diaphyseal region of short tubular bones and may occupy the whole bone if the bone is small such as the distal phalanx [16] .
Radiographic features in the phalanx are signs of a bony reaction in the form of a sclerotic component and bony expansion. This may mimic osteomyelitis, both radiographically and clinically [16] . Metastases in the hand are rare [17] . As blood supply is greatest in the distal phalanx metastases tend to show a predilection for this site in the hand [18] . In patients over the age of 45, metastatic disease should always be considered as part of the differential diagnosis of a phalangeal lesion [19] .
Bronchial carcinoma is the most common primary as sub-diaphragmatic tumours tend to metastasize to the feet [3] . 
Non-neoplastic lesions:
Infection:
Osteomyelitis (Figure 9 )
Osteomyelitis may result from:
· Direct inoculation from penetrating injuries · Secondary spread to bones via soft tissues
Staphylococcus is the most common causative organism. However, Haemophilus influenzae is often seen in childhood [20] .
Osteomyelitis can be divided into acute and chronic stages and if left untreated the acute infection may develop into chronic infection. Chronic osteomyelitis is a result of disruption of the intraosseous and periosteal blood supply during the acute stage of disease resulting in osteonecrosis [21] .
Radiographs have low sensitivity and specificity for detecting acute osteomyelitis.
Established infection may result in the following radiographic findings [22] : · Periosteal thickening · Lytic lesions · Endosteal scalloping · Osteopenia · Loss of the trabecular architecture MRI can pick up bone marrow oedema as early as three days after onset of infection [3] . 
Tuberculous osteomyelitis
Tuberculous dactylitis is a rare form of osteo-articular tuberculosis involving the short tubular bones of hand. The proximal phalanx of index and middle finger are most commonly affected. Involvement of the distal phalanx is rare [23] .
Approximately one third of the patients with musculoskeletal tuberculosis will have involvement of other viscera such as the lung [24] .
Radiographic features are non specific [25] . They include soft tissue swelling, osteopenia, osteolysis. The affected bone may then appear thickened and dense leading to a sausage-like deformity of the ray affected [3] .
Leprosy (Figure 10 )
Leprosy is a chronic disease which is caused by Mycobacterium leprae. 25% of the leprosy patients who are not treated at the early stages of the disease develop deformities of the hands and feet [26] .
The metaphysis of the proximal, middle phalanges and less frequently involvement of the metacarpal bones are often affected. Involvement of the distal phalanx is less common [27] .
Radiographic findings include [27] : Involvement of the terminal phalanx may be in two ways:
· Directly by leprotic osteomyelitis · Neurotrophic changes resulting in resorption of the terminal tuft [28] and a characteristic 'candystick' appearance [3] . 
Dactylitis
An inflammatory process involving the fingers may be called dactylitis [29] .
Some forms of dactylitis involve only the bone (syphilitic dactylitis, sickle cell dactylitis), some the bone and the soft tissues (tuberculous dactylitis, sarcoid dactylitis), and others only the soft tissues (blistering distal dactylitis, spondyloarthritis dactylitis) [29] .
Immune:
Scleroderma (Figure 11 )
Hand involvement is common and features include sclerodactyly, arthritis, Raynaud's phenomenon and calcinosis. Other features include joint contractions, digital ulcers and acro-osteolysis [30] .
Acro-osteolysis can affect the terminal tuft or the shaft of the distal phalanx (transverse or band acro-osteolysis) and is often associated with distal digital ischemia, digital calcinosis, or severe sensory neuropathy.
Metabolic:
Renal osteodystrophy ( Figure 12 )
Chronic renal insufficiency may present with a wide spectrum of bone and soft tissue abnormalities termed renal osteodystrophy [31] .
Radiographic features of renal osteodystrophy reflect hyperparathyroidism and deficiency of 1,25-dihydroxyvitamin D [3] .
Subperiosteal bone resorption is observed in hyperparathyroidism associated with chronic renal disease. This presents along the radial aspect of the phalanges, especially the middle phalanx of the index and middle fingers. Bone resorption in the phalangeal tufts progresses to acro-osteolysis [32] .
Brown tumours may also occur in the hands as lytic lesions often on a background of osteopenia [3] .
Trauma:
Fracture (Figure 13 )
Phalangeal fractures are common injuries. If missed or underestimated, this may lead to significant impairment of function [33] .
Phalangeal fractures may occur at the head, neck, shaft or base of the phalanges [34] . A true lateral radiograph is essential in all finger injuries with close inspection of the PIP joint to detect subtle subluxation [33] .
With spiral or oblique fractures malrotation is a risk. Persistent malrotation leads to malalignment of the digit [3] .
Forced flexion of the distal interphalangeal joint with the finger in extension may injure the terminal extensor mechanism, either as a tendinous injury or a bony avulsion fracture [33] .
Conversely injury through a forced hyperextension of an actively flexed finger can result in avulsion of the flexor digitorum profundus, the "rugger jersey finger" [33] . Fig. 13 : Fracture of the base of the distal phalanx. Injury is an avulsion fracture at the extensor tendon's attachment at base of the distal phalanx References: -Birmingham/UK Foreign body ( Figure 14 )
Penetrating injuries to the hand are a common occurrence and may result in embedment of foreign bodies [34] . A thorough history makes the diagnosis straightforward. Radiographs with multiple views are advisable. Non-radiopaque foreign bodies may be detected by ultrasound aiding the surgeon in surgical removal [35] . 
Conclusion
The imaging features of a number of common and uncommon entities that affect the distal phalanx of the hand have been reviewed. The characteristics described should help the reporting radiologist reach a sensible diagnosis of distal phalangeal lesions.
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